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ABSTRACT 

Using t h e  i n t e g r a t e d  manned space  f l i g h t  program 
corresponding roughly t o  t h e  maximum program (Option I )  i n  
t h e  P r e s i d e n t s '  Space Task Group (STG) r e p o r t ,  t r a f f i c  models 
f o r  earth o r b i t a l  o p e r a t i o n s ,  l una r  e x p l o r a t i o n  ac t iv i t ies ,  
and f u t u r e  manned p l a n e t a r y  missions are de r ived  and d i s -  
cussed.  The d a t a  presented  here  i s  c o n s i s t e n t  wi th  vehicle 
s i z e  d a t a  and program gu ide l ines  t h a t  e x i s t e d  du r ing  t h e  
development of t h e  i n t e g r a t e d  p l an .  N o  e f f o r t  has  been made 
t o  ma in ta in  currency wi th  evolving v e h i c l e  conf igu ra t ions .  

The y e a r s  covered by t h e  ear th  o r b i t a l  and l u n a r  
e x p l c r a t i o n  t r a f f i c  models a r e  f r o m  1970 t o  1984.  The model 
for  manned p l a n e t a r y  ope ra t ions ,  n o t  r e fe renced  t o  any 
s p e c i f i c  ca l enda r  y e a r ,  covers  a seven y e a r  d u r a t i o n .  

T h e  f i n a l  s teady  s t a t e  t r a f f i c  f o r  a l l  STG o p t i o n s  
i s  about  t h e  same. The p r i n c i p l e  d i f f e r e n c e s  between Options I ,  
11, and I11 of t h e  STG r e p o r t  i s  t h e  ra te  of a c c e l e r a t i o n  t o  
s t e a d y  state.  
for  t h e  s t eady  s t a t e  per iod  should be a p p l i c a b l e  t o  a l l  of t h e  
op t ions .  

Consequently t h e  t r a f f i c  models presented  here 

F o r  the program considered t h e  c i s l u n a r  f l i g h t  
network ach ieves  an ope ra t iona l  s t eady  s ta te  i n  1982 wi th  
an  annual  t r a f f i c  i n p u t  of 90 t o  9 5  space s h u t t l e  f l i g h t s  and 
t w o  In t -21  launches.  The s teady  s ta te  ou tpu t  of t h e  system 
c o n s i s t s  of t h e  sc i ence ,  a p p l i c a t i o n s  and technology ac t iv i t i e s  
associated wi th  t h e  va r ious  s t a t i o n s  located throughout  cis- 
l u n a r  space inc lud ing  t h e  u s e  of t h e  l o w  a l t i t u d e  e a r t h  o r b i t  
s t a t i o n  as a launch c o n t r o l  c e n t e r  f o r  unmanned p l a n e t a r y  probe 
i n j e c t i o n s .  

Add i t iona l  annual t r a f f i c  t o  suppor t  manned p l a n e t a r y  
o p e r a t i o n s  does n o t  exceed 24 space s h u t t l e  f l i g h t s  and f o u r  
In t -21  launches.  The c i s l u n a r  and manned p l a n e t a r y  i n p u t  
t r a f f i c  can  be d i r e c t l y  added t o  determine t h e  g r o s s  t r a f f i c  
suppor t  requi rements ,  recognizing t h a t  t h e  i n j e c t i o n  date  of 
t h e  f i r s t  i n t e r p l a n e t a r y  f l i g h t  must be du r ing  t h e  ca l enda r  
yea r  of t h e  miss ion  opportuni ty .  
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1 . 0  In t roduc t ion  

The mission modes of t h e  i n t e g r a t e d  p l an  corresponding 
roughly t o  t h e  maximum program i n  t h e  Space Task Group (STG) re- 
p o r t  are used t o  syn thes i ze  t r a f f i c  models f o r  ear th  o r b i t a l  and 
l u n a r  e x p l o r a t i o n  a c t i v i t i e s .  (Reference 1) The model f o r  e a r t h  
o r b i t a l  ope ra t ions  inc ludes  provis ion  f o r  t h e  i n j e c t i o n  of un- 
manned p l a n e t a r y  probes f r o m  low e a r t h  o r b i t  on to  t h e i r  respec-  
t i v e  t r a n s p l a n e t a r y  t r a j e c t o r i e s .  A model f o r  manned p l a n e t a r y  
o p e r a t i o n s  i s  also presented  but  i s  n o t  re ferenced  t o  any s p e c i f i c  
ca l enda r  year  t h u s  l eav ing  as  an open q u e s t i o n  t h e  t i m e  a t  which 
t h i s  kind of a c t i v i t y  would be i n i t i a t e d .  
g iven  launch d a t e  f o r  a manned p l a n e t a r y  mission on t h e  ear th  
o r b i t a l  and luna r  e x p l o r a t i o n  t r a f f i c  can then  be examined by 
merely adding t h e  manned p l a ~ e t a r y  traffic. 

The e f f e c t  of any 

The y e a r s  covered by both  t h e  ear th  o r b i t a l  and luna r  
e x p l o r a t i o n  t r a f f i c  models a r e  f r o m  1970 t o  1984 which t h e  dur- 
a t i o n  covered by t h e  manned p lane ta ry  model i s  seven years .  
Using a summary d e s c r i p t i o n  of t h e  i n t e g r a t e d  p lan  mission modes 
as a p o i n t  of d e p a r t u r e  t h e  e a r t h  o r b i t a l ,  l u n a r  e x p l o r a t i o n  and 
manned p l a n e t a r y  models are der ived and d i scussed  i n  some de ta i l  
below. 

2 . 0  Mission Modes and Vehicles 

The i n t e g r a t e d  program c o n s i s t s  p a r t i a l l y  of t h e  
sys t ema t i c  e s t ab l i shmen t  of semi-permanent manned bases  i n  
v a r i o u s  l o c a t i o n s  i n  c i s l u n a r  space  and e v e n t u a l l y  i n  i n t e r -  
p l a n e t a r y  space.  The p a r a l l e l  i n t r o d u c t i o n  of l o w  cost t r a n s -  
p o r t a t i o n  systems provided for t h e  purpose of economically 
moving cargo  and personnel  t o  and from t h e  bases  i s  t h e  other  
impor tan t  i n g r e d i e n t  of t h e  program. T h e  mission mode cor- 
responding t o  each program element i s  d e p i c t e d  schemat ica l ly  
i n  F igu re  1, and i s  summarized w i t h  v e h i c l e  d e s c r i p t i o n s  below. 

2.1 Low A l t i t u d e  Ea r th  O r b i t  Space S t a t i o n  

The s t a t i o n  is  loca ted  i n  earth o r b i t  a t  an a l t i t u d e  
of 2 0 0  t o  300 nm a t  a c u r r e n t l y  unspec i f i ed  i n c l i n a t i o n .  T h e  
vehicle  i s  used as a p la t form and/or c o n t r o l  c e n t e r  f o r  a wide 
spectrum of sc i ence ,  a p p l i c a t i o n s  and technology (SA&T) oper- 
a t i o n s .  I t  i s  also used as a s a t e l l i t e  r e p a i r  f a c i l i t y ,  o u t  
bound cargo depot  and o r b i t a l  assembly and launch o p e r a t i o n s  
c e n t e r  f o r  l u n a r  and geosynchronous l og i s t i c s ,  and unmanned 
and manned i n t e r p l a n e t a r y  missions.  
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2 . 2  Geosynchronous E a r t h  O r b i t  Space S t a t i o n  

The s t a t i o n  ope ra t e s  i n  a geosynchronous e q u a t o r i a l  
o r b i t  and i s  used as a p la t form and/or c o n t r o l  c e n t e r  fo r  a 
v a r i e t y  of SA&T f u n c t i o n s .  The v e h i c l e  i s  a l s o  used as a 
s a t e l l i t e  r e p a i r  f a c i l i t y .  

2.3 Lunar O r b i t  Space S t a t i o n  

T h e  s t a t i o n  i s  loca ted  i n  a low a l t i t u d e  h igh  
i n c l i n a t i o n  luna r  o rb i t .  A spectrum of remote sens ing  SA&T 
experiments as w e l l  as l u n a r  s u r f a c e  sample a n a l y s i s  are 
performed on board. The v e h i c l e  i s  a l s o  used as a base  f o r  
e a r l y  luna r  e x p l o r a t i o n  and a s  a cargo and r e f u e l i n g  depot  
f o r  s u r f a c e  base l o g i s t i c s  support .  

2 . 4  Lunar Surface  Base 

T h e  l u n a r  s u r f a c e  base i s  loca ted  a t  an a p p r o p r i a t e  
s i te  on t h e  s u r f a c e  and serves  a s  an SA&T f a c i l i t y  a s  w e l l  a s  
a p o i n t  of embarkation f o r  marined arid .c;r,i.lamed lunar surface 
exped i t ions .  

2.5 Plane ta ry  O r b i t  Space S t a t i o n  

The s t a t i o n  i s  t h e  mission module p o r t i o n  of t h e  
p l a n e t a r y  space v e h i c l e  t h a t  i s  placed i n t o  a l o w  a l t i t u d e  
m a r s  o r b i t .  S i m i l a r  i n  design t o  t h e  earth and l u n a r  o r b i t  
s t a t i o n s ,  it s e r v e s  as a crew l i v i n g  q u a r t e r s  and c e n t e r  of 
o p e r a t i o n s  f o r  the o u t  bound, p l a n e t a r y  o r b i t ,  and r e t u r n  
phases  of a manned m a r s  mission. 

2 . 6  Plane ta ry  Surface  Base 

I t  i s  a n t i c i p a t e d  t h a t  even tua l ly  a manned s u r f a c e  
base w i l l  be e s t a b l i s h e d  on Mars. S i m i l a r  t o  t h e  l u n a r  s u r f a c e  
b a s e ,  it would s e r v e  as  an SA&T f a c i l i t y  as  w e l l  as a c e n t e r  of 
o p e r a t i o n s  f o r  manned and unmanned Martian s u r f a c e  exped i t ions .  

2 . 7  Apollo Appl ica t ions  D r y  Work Shop (DWS) 

The d r y  work shop is a p recu r so r  t o  the  earth o r b i t  
space  s t a t i o n  and t h u s  w i l l  cover a narrower range of SA&T 
a c t i v i t i e s  concen t r a t ing  on the  e f f e c t s  on man of long d u r a t i o n  
space  f l i g h t  ( i .e.  up t o  56 days) and solar astronomy. 
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2.8 Space S h u t t l e  

The s h u t t l e  i s  a low c o s t  launch v e h i c l e  which can 
d e l i v e r  50 ,000  l b s .  of cargo and up t o  1 2  people  t o  l o w  
a l t i t u d e  earth o r b i t .  
d iameter  and 60 f e e t  long. 
r e u s e s .  

The v e h i c l e  cargo bay i s  15 f e e t  i n  
The v e h i c l e  i s  capable  of 1 0 0  

2 .9  In t -21  

The In t -21  i s  a two s t a g e  ( S I C & S I I )  expendable 
launch v e h i c l e  used t o  d e l i v e r  payloads t o  low earth o r b i t  
t h a t  are too  l a r g e  f o r  t h e  space s h u t t l e  t o  accommodate. 
The v e h i c l e  payload f o r  t h i s  miss ion  mode i s  250,000 l b s  w i t h  
a maximum diameter  of 33 f e e t .  

2 .10  Nuclear S h u t t l e  

The crew r o t a t i o n / l u n a r  l o g i s t i c s  mission f o r  the 
nuc lea r  s h u t t l e  i s  t h e  d e l i v e r y  of 90 ,000  pounds of ca rgo  
and up t o  6 people  t o  t h e  lunar c r b i t  space s t a t i o n  aiid t h e  
r e t u r n  of 1 0 , 0 0 0  pounds of cargo and 6 people  t o  t h e  e a r t h  
o r b i t  s t a t i o n .  The unmanned l u n a r  l o g i s t i c s  mission con- 
sists of 100 ,000  pounds of cargo d e l i v e r e d  t o  t h e  l u n a r  o r b i t  
s t a t i o n  and 1 0 , 0 0 0  pounds re turned  t o  t h e  earth o r b i t  s t a t i o n .  
The nominal geosynchronous crew r o t a t i o n / l o g i s t i c s  mission de- 
l i v e r s  90 ,000  pounds of cargo and up t o  6 people  t o  t h e  
geosynchronous s t a t i o n  and t r a n s p o r t s  6 people  t o  t h e  e a r t h  
o r b i t  s t a t i o n  on t h e  r e t u r n  f l i g h t .  
240 ,000  pounds of l i q u i d  H2 p r o p e l l a n t  on each l o g i s t i c s  f l i g h t .  
I t  i s  capable  of 1 0  r euses .  

The v e h i c l e  consumes 

2 . 1 1  Space Tug/LM-B 

The t w o  v e r s i o n s  of t h i s  f u l l y  r e u s a b l e  v e h i c l e  are 
t h e  LM-B, which is  used f o r  l una r  s u r f a c e  e x p l o r a t i o n  and c r e w  
r o t a t i o n / l o g i s t i c s  suppor t  of t h e  luna r  s u r f a c e  base ,  and t h e  
space  tug  which i s  used f o r  i n  s i t u  e a r t h  s a t e l l i t e  r e p a i r  and 
e a r t h  o r b i t a l  assembly ope ra t ions .  Space t u g  propuls ion  modules 
a r e  used f o r  unmanned p lane ta ry  probe i n j e c t i o n s .  (Reference 2 )  

There are t w o  LM-B's ass igned t o  t h e  l u n a r  o r b i t  
s t a t i o n ,  one t o  perform s u r f a c e  s o r t i e s  and t h e  o t h e r  a v a i l -  
a b l e  as a r e scue  v e h i c l e  i f  t h e  need should a r i s e .  A s i n g l e  
space  tug  i s  assigned t o  each of  t h e  e a r t h  o r b i t  s t a t i o n s  
and t h e  number of space tug  propuls ion  modules needed f o r  
p l a n e t a r y  probe i n j e c t i o n s  v a r i e s  from 2 t o  4 depending on 
t h e  year .  
p r o p e l l a n t  c a p a c i t y  is 40,000 pounds of l i q u i d  O2 and H2.  

The assumed veh ic l e  des ign  l i f e  i s  one yea r  and i t s  
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2.12 P l a n e t a r y  Space Vehicle 

To maximize crew s a f e t y  a d u a l  p l a n e t a r y  miss ion  
mode i s  adopted which c o n s i s t s  of two i d e n t i c a l  p l a n e t a r y  
space v e h i c l e s  performing t h e  t r a n s f e r  t o  Mars and back t o  
E a r t h  i n  convoy f a sh ion .  The p ropu l s ion  f o r  each v e h i c l e  
c o n s i s t s  of t h r e e  nuc lear  s h u t t l e s  two of which perform t h e  
i n j e c t i o n  and r e t u r n  t o  earth o r b i t  f o r  u s e  i n  c i s l u n a r  
o p e r a t i o n s  whi le  the  t h i r d  cont inues  on t o  Mars wi th  miss ion  
and payload modules a t t ached .  
and a f te r  s u f f i c i e n t  s i t e  survey through remote sens ing  and 
unmanned probe i n v e s t i g a t i o n ,  s u r f a c e  e x p l o r a t i o n  is i n i t i a t e d .  
A t  t h e  conclus ion  of e x p l o r a t i o n  a c t i v i t i e s  t h e  nuc lea r  
s h u t t l e  b r i n g s  t h e  mission module back t o  e a r t h  and i n t o  an  
e l l i p t i c a l  recovery o r b i t .  T h e  mission i s  concluded by us ing  
another  nuc lea r  s h u t t l e  to  t r a n s p o r t  t h e  r e tu rned  p l a n e t a r y  space 
v e h i c l e  t o  t h e  v i c i n i t y  of t h e  low a l t i t u d e  e a r t h  o r b i t  s t a t i o n .  
The only  system e lemen t s  no t  recovered a r e  t h e  payload module 
and t r a n s p o r t a t i o n  system used between Mars o r b i t  and t h e  s u r f a c e .  

Af t e r  ach iev ing  Mars o r b i t  

2.13 Mars Excursion Module 

Transpor t a t ion  between t h e  p l a n e t a r y  space v e h i c l e  
i n  Mars o r b i t  and t h e  su r face  i s  provided by an expendable 
two s t a g e  v e h i c l e ;  t h e  mars excurs ion  module. The d e s c e n t  
mode c o n s i s t s  of aerodynamic followed by p ropu l s ive  dece l -  
e r a t i o n  whi le  a s c e n t  i s  performed by t h e  s e p a r a t e  p ropu l s ive  
s t a g e  d e l i v e r e d  t o  t h e  su r face  by t h e  descent s t a g e .  

2 . 1 4  Sa tu rn  I B  

The two s t a g e  Saturn IB (S-IB&S-IVB) i s  used a s  a 
c r e w  r o t a t i o n / l o g i s t i c s  v e h i c l e  f o r  t h e  Apollo App l i ca t ions  
DWS; t h e  p recu r so r  of t h e  low a l t i t u d e  e a r t h  o r b i t a l  space  
s t a t i o n .  

2.15 Sa tu rn  VB/Apollo 

The Sa turn  VB/Apollo i s  t h e  expendable system used 
f o r  l u n a r  e x p l o r a t i o n  p r i o r  to  t h e  a v a i l a b i l i t y  of t h e  luna r  
o r b i t  s t a t i o n  and r e z s a b l e  LM-B v e h i c l e .  B a s i c a l l y ,  it is  
an upgraded Apollo system allowing luna r  s u r f a c e  s t a y  t i m e s  
of up t o  3 days wi th  a d i s c r e t i o n a r y  payload of 1000  pounds, 
and an inc reased  CSM mission d u r a t i o n  of 16 days.  

2.16 Saturn  VC 

The f o u r  s t a g e  Saturn VC (Sa t  V p l u s  space tug  pro- 
p u l s i o n  module) i s  t h e  expendable luna r  l o g i s t i c s  v e h i c l e  used 
p r i o r  t o  t h e  a v a i l a b i l i t y  of t h e  r e u s a b l e  nuc lea r  s h u t t l e .  
payload c a p a b i l i t y  t o  t h e  luna r  o r b i t  s t a t i o n  i s  about  100 ,000  
pounds. This  assqes t h a t  the S a t  V v e h i c l e  has  performance 
e q u i v a l e n t  to 120 ,000  pounds TLI .  

I t s  
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3.0  Ear th  O r b i t a l  Operations 

The e a r t h  o r b i t  t r a f f i c  model i s  given i n  F igure  2 
and t h e  unmanned p l a n e t a r y  probe launches programmed f o r  
t h e  y e a r s  1976 through 1984 (allowance for  which i s  included 
i n  t h e  model) as p resen ted  i n  Reference 2 ,  are l isted i n  
Table  1. The model i s  arranged w i t h  a g e n e r a l  m i s s i o n s  
schedule  appearing a t  t h e  top of F igu re  2 followed by a 
launch schedule  fo r  each of t h e  three launch v e h i c l e s  used 
f o r  e a r t h  o r b i t a l  missions.  T o  provide  inc reased  v i s i b i l i t y  
t h e  launch schedule  f o r  each v e h i c l e  i s  f u r t h e r  broken down 
according t o  t h e  o b j e c t i v e  and/or payload f o r  t h e  mission. 

E a r t h  o r b i t a l  a c t i v i t i e s  are g e n e r a l l y  composed 
of three types  of ope ra t ions :  low e a r t h  o r b i t a l ;  geosynchro- 
nous e a r t h  o r b i t a l  and unmanned p l a n e t a r y  probe i n j e c t i o n  
f r o m  l o w  e a r t h  o r b i t .  

3 .1  Low Ea r th  O r b i t  

Low ear th  o r b i t a l  activities begin  i n  1972 with t he  
first  AAP dry  workshop launched on an Int-21,  and log i s t i c s  
suppor t  being provided by Saturn I B  launches.  I n  e a r l y  1975 
the  newly developed space s t a t i o n  module takes t h e  p l a c e  of 
t h e  d ry  workshop i n  low earth o r b i t  v ia  In t -21  launch. 
L o g i s t i c s  suppor t  i s  provided by another  newly developed 
system, t h e  space  s h u t t l e .  In  1 9 7 9 ,  1980 and 1981 a d d i t i o n a l  
space  s t a t i o n  modules are placed i n  l o w  e a r t h  o r b i t  w i t h  
In t -21 ' s  f o r  t h e  purpose o f  expanding t h e  space s t a t i o n  i n t o  
a cons iderably  l a r g e r  space base. 

3.1.1 Space Tug Operations 

S t a r t i n g  i n  1976 t h e r e  w i l l  always be one space 
t u g  assigned t o  t h e  space s t a t i o n  and la te r  t o  t h e  space base.  
The space t u g  v e h i c l e  i s  t o o  l a r g e  t o  be t r anspor t ed  i n  t h e  
s h u t t l e  cargo bay and t h e r e f o r e  must be p laced  i n  o rb i t  by 
an Int-21. The assumed space tug  l i f e  t i m e  of one year  e s t ab -  
lishes t h e  need f o r  one Int-21 launch p e r  yea r .  The space 
t u g s  (LM/B's )  needed f o r  ope ra t ions  i n  other  areas of t h e  
program make up t h e  remainder of t h e  In t -21  payload. I n  t h e  
y e a r s  1979, 1980 and 1981 an a d d i t i o n a l  In t -21  launch is  
needed f o r  d e l i v e r y  of space tugs  t o  l o w  e a r t h  o r b i t .  This  
w i l l  be d iscussed  i n  more de ta i l .  



_. 

4 w 
0 z 
u 
H 
cr, 
r- 

n 

3 
B 
H 
H 

p: 
0 

3: 
E 
p: 

m 

8 

El 

I 

cv 

3 w 
H 
Er 

* 
aD - 
m 
03 - 
N 
03 

rl 
03 
- 
0 
03 

O 
I- - 

p: 

w 
p: 

z w 
4 

d 

2 

3 

--- 
I - I 

m 
Y 

z 
I a 

p : v  a 
a "I 0 

v a  ! 
A 

p : l  a 
r '  \ I  
z 

U 
- 1  

c v a 

a a  a 

a a a  a 
a a 

a 

a a 
- Y  

A - 

a 

h 

Y -  

e -  - 
a a  az 

(I 

4 

- -- a m  

a 

a 

N O  rl cv 
rl 4 

N O  F c o  rl * 
rl rl 

N O  F a  d 0 
rl rl 

N O  l-00 d 
rl rl 

W O N  N O  
4 

N O  
rl 

r l N  

c v c o  * 

N03 r l c r  

UJ cv 

m 

+ 

w 
3 
B 



I- 
W I  

O M  
L t W  
a 3  

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
m o m o o o o o o o l n o m o o o m o o o o  
w N ~ o l n c o w l n o ~ w w w r l o o w o m o o  

rl P r l  m d w d  N m r l a  w O 3 r - w  

n 
W 
V 
Z 

5 a 
m 
I 

rl 

w 
-1 

-I- 
m a 

w I -  
m m  
Q O  
m a  

U 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
m m m ~ - r c o - r m N w m m m m m o m m * N  
N N N N m v N N N m N N N N d * N N m N  
d r l r l r l N P l l - l r l r l N d N r l N d d r l d r l d  

0 
0 
N 
N 
rl 

>- 
> 
-1 
L L  

m 
m 

m 

4 
0 
I 
a! 

% 

>- 
-1 
LL 

m 
m 

m 

a 

>- 
w > 
a! 
3 
m 

m 
W 

0 
ai 
a 
\ 
a! 
W 
I- 

m 

U 

a! 
w 
Z 
n 

5 
I 
c3 
3 
0 
a! 
\ 
a! 
W 
I- 
M 

-I 
u 
I 
a! 
w 
Z 

a! 

r: 
0 
I- 
3 

U 

a 

a! 
W 
I- 

2 - M  
m m  
> a !  
-10 
LL u 

m 
3 
0 > 
N 
w 
Z 
w 
a! 

n 

I- 
-1 
w 
m 

W z 
a! 

a ! =  
w 
I - 0  
u t -  
m 3  
u - 1  
O Q  

I - a !  

Y 

a 

I 
a z  
a 2  
n t -  a 

m 
ai 
0 

n 
U 

0 
a! 
W 

a! 
w 
I- 
U 

m 

ai 
w > 
0 
a! 
\ 
a! 
w 
z n 

5 
I- 

a! 
w 
I - m  
m w  
m m  
a ! o  on! a 

a! 
w 
I- 

m 
a! 
0 

U 

ai 
W 
I- 

a! 
0 

M 

m 

a! 
W > 
0 
a! 

a! 
W 
I- 

a! 
0 

Y 

m 

a! 
w 
I- 

a! 
0 
a! 
W 

Y 

m 

a! 
W 
I- 

o! 
W 
Z 

o! 

x 

I4 

a 

a ! -  
w a !  
Z I -  
M u  
a ! w  
z w  
m a !  

a i - 1  
w o  

m 

- > -  o a !  
a ! 3  
w u  
I - u  
m w  

a - 1  

o a  

n 

a =  

m 
m 
II 
V 
I 
a! 

>. 
% 
-1 
LL 

m 
a! 
w 
Z 

Y 

m 
a! 
0 

I- 
m a 
u 
a! 
I- u 
W 
-1 
W 

a! 

0 
m 

U 

5 

a! 
0 

-1 
a 
I 
Z 
a! 
3 
I- 

m 
a 

m 
a! 
0 

a! 
W 

z n 

5 
t- 
LL 
0 
m 

U 

OL 

x a ;I a 
n 

a! 
W 
a! 
0 
-J 
a 
X 
W 

!!? 

a!\ 
w >  
a ! m  
0 %  
-1-1 
L L L  
X 
w a !  

W 
m I -  

a! 
w 
ai 
0 
-1 
a 
X 
w 

2 

a! 
w 

a! 
W 
Z 
M 

w 
Z 
a! 

r 

U 

a 
a! 
0 
-1 

a! 

9 
a 
X 
Lu 

m 

LL 
LL 
a 
0 
Y 

I- 

U 

a! 

I: 
I 

a a! 

L 
a I 

c3 a 
X 
w 
ln 

LL 
0 
m 

I 
a! 
W c 

M 

I 
m 

z 
a! 
3 
I- 

m 
a 

ln 
3 z 
w > 

ln 
3 
Z 
w > 

w 
I: 
0 u 

m 
a! 

I: 
a 

Y 3 M  
z a  
w 3  > -  

w 
E 
0 u 

m a 
2E 
a 

-I z 
W > 

d 

Z 
w > 

a 
3 

a! 

E 
a 

a! 

z a 
a! 

E 
a 

1) 



BELLCOMM. I N C .  
- 6 -  

3.1.2 S t a t i o n  L o q i s t i c s  

T o  suppor t  t h e  low e a r t h  o r b i t  space s t a t i o n ,  t h e  
space s h u t t l e  launch r a t e  s t a r t s  a t  3 / Y r  i n  1975 and i n -  
creases t o  a s teady  s t a t e  value of 1 0 / Y r  i n  1 9 7 9 .  From 1975 
through 1978 t h r e e  f l i g h t s  pe r  yea r  are devoted e x c l u s i v e l y  
t o  cargo f o r  t h e  space s t a t i o n  wi th  any a d d i t i o n a l  f l i g h t s  
devoted t o  space tug  p r o p e l l a n t s .  Because of t h e  beginning 
of t h e  space base bui ldup  i n  1 9 7 9  t h e  s h u t t l e  launch ra te  f o r  
a l l  cargo payloads i n c r e a s e s  from 3/Yr t o  4 / Y r  r e s u l t i n g  i n  
6 f l i g h t s  p e r  year  be ing  devoted t o  space t u g  p r o p e l l a n t s .  
S ince  one s h u t t l e  payload i s  about  e q u i v a l e n t  t o  one space 
tug  p r o p e l l a n t  c a p a c i t y ,  s i x  f u l l  c a p a b i l i t y  sorties can be 
performed each yea r  f o r  s a t e l l i t e  r e p a i r ,  space base  con- 
s t r u c t i o n ,  etc.  

S t a r t i n g  i n  1977 2 p o l a r  s o r t i e  missions p e r  y e a r  
are assigned t o  t h e  space s h u t t l e  i t s e l f .  This  i s  needed 
because t h e  space t u g  c a n ' t  r each  p o l a r  o r b i t  f r o m  t h e  nominal 
space  s t a t i o n  o r b i t .  A steady s ta te  t o t a l  of 1 2  space s h u t t l e  
f l i g h t s  p e r  year a r e  prcvided fcr support of low aarth o r b i t  
o p e r a t i o n s .  

3.2 Geosynchronous Ear th  O r b i t  

Geosynchronous e a r t h  o r b i t a l  a c t i v i t i e s  are 
i n i t i a t e d  i n  1 9 8 0  by f i r s t  p l ac ing  a space s t a t i o n  module 
( In t -21  launch) i n  low e a r t h  o r b i t  i n  p r e p a r a t i o n  f o r  i t s  
t r a n s f e r  t o  geosynchronous o r b i t  by t h e  nuc lea r  s h u t t l e .  
The space s t a t i o n  module, a space t u g  wi th  p r o p e l l a n t  s l i g h t l y  
o f f  loaded and a c r e w  of s i x  comprises t h e  payload t h a t  t h e  
nuc lea r  s h u t t l e  p l a c e s  i n  geosynchronous o r b i t .  The space 
t u g  assigned t o  t h e  geosynchronous s t a t i o n  i s  t r a n s f e r r e d  t o  
l o w  e a r t h  o r b i t  as p a r t  of  t h e  payload of an earlier In t -21  
launch while  t h e  crew i s  t r anspor t ed  t o  o r b i t  aboard t h e  
space  s h u t t l e .  

3.2.1 S t a t i o n  L o g i s t i c s  

A f t e r  geosynchronous ope ra t ions  commence i n  1980, 
f o u r  manned nuclear  s h u t t l e  l o g i s t i c s  f l i g h t s  p e r  y e a r  are 
r e q u i r e d  f o r  space t u g  replacement and r e f u e l i n g ,  c r e w  ro- 
t a t i o n  and gene ra l  l o g i s t i c s .  Th i s ,  p l u s  t h e  6 pe r  year  
needed t o  suppor t  t h e  l u n a r  program c a l l  f o r  1 0  nuc lea r  
s h u t t l e  f l i g h t s  p e r  y e a r  i n  a l l .  Since it i s  assumed t h a t  
t h e  u s e f u l  l i f e  of t h e  nuc lear  s h u t t l e  i s  1 0  miss ions  a 
requirement  fo r  one new nuclear  s h u t t l e  p e r  year  is  e s t a b l i s h e d .  
T o  remain wi th in  t h e  In t -21  payload c o n s t r a i n t  t h e  nuc lea r  s h u t t l e  
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i s  d e l i v e r e d  t o  l o w  e a r t h  o r b i t  w i t h  hydrogen off  loaded. 
A s i n g l e  space s h u t t l e  tanker  f l i g h t  t hen  f i l l s  t h e  nuc lea r  
s h u t t l e  tank  t o  capac i ty .  This provides  a new f u l l y  f u e l e d  
nuc lea r  s h u t t l e  i n  l o w  earth o r b i t  ready t o  t a k e  aboard 
cargo and c r e w  f o r  i t s  maiden logis t ics  miss ion  t o  t h e  
geosynchronous s t a t i o n .  After  t he  maiden voyage 6 space  
s h u t t l e  t anke r  f l i g h t s  are requi red  f o r  each n u c l e a r  s h u t t l e  
f l i g h t ;  5 t o  fill t h e  hydrogen tank  and 1 t o  f u e l  t h e  space 
t u g  which i s  needed f o r  assembly ope ra t ions .  This  e s t a b l i s h e s  
t h e  need f o r  18 a d d i t i o n a l  space s h u t t l e  t a n k e r  f l i g h t s  pe r  
year .  T ranspor t a t ion  of geosynchronous cargo ,  space  t u g  pro- 
p e l l a n t  and c r e w  t o  l o w  e a r t h  o r b i t  r e q u i r e s  2 space s h u t t l e  
f l i g h t s  p e r  nuc lea r  s h u t t l e  mission. T h i s  e s t a b l i s h e s  a re- 
quirement fo r  8 space s h u t t l e  f l i g h t s  per  yea r  fo r  geosynchronous 
l og i s t i c s  which i s  reduced t o  7 because p a r t  of t h e  cargo  re- 
quirement i s  t h e  new f u l l y  fue led  space t u g  brought  t o  l o w  ear th  
o r b i t  as p a r t  of t h e  payload of an In t -21  launch.  
t o t a l  of 26 space s h u t t l e  f l i g h t s  p e r  year  are provided f o r  
suppor t  of t h e  geosynchronous space s t a t i o n .  

A s t eady  s ta te  

3 . 3  Plane ta ry  Probe Injection 

The space tug  i s  programmed t o  be o p e r a t i o n a l  i n  1976 
t h u s  pe rmi t t i ng  t h e  i n i t i a t i o n  of unmanned p l a n e t a r y  probe in-  
j e c t i o n  a c t i v i t i e s  i n  l o w  earth o r b i t .  The s t anda rd  i n j e c t i o n  
c o n f i g u r a t i o n  i s  a s t a c k  of two space tug  p ropu l s ion  modules 
( P M )  used i n  a f u l l y  recoverable  mode. To achieve  t h e  h igh  
e n e r g i e s  needed f o r  o u t e r  p l a n e t  missions it i s  necessary t o  burn 
t h e  second PM t o  completion thus prec luding  recovery  of t h e  second 
i n j e c t i o n  s t a g e .  Furthermore, t o  o b t a i n  a c c e p t a b l e  mission 
success  p r o b a b i l i t i e s  for  ou te r  p l a n e t  miss ions  t h e  launch of two 
i d e n t i c a l  probes i s  r equ i r ed  thus  n e c e s s i t a t i n g  t h e  loss of two 
PM's for each mission of t h i s  kind.  
o u t e r  p l a n e t  missions require  only 2 PM's whi le  y e a r s  w i t h  one 
o u t e r  p l a n e t  mission r e q u i r e  4 v e h i c l e s .  

Therefore ,  y e a r s  w i t h  no 

3.3.1 Space Tug/LM-B Requirements 

I n  p a r a l l e l  w i t h  t he  p l a n e t a r y  i n j e c t i o n  requirement  
i s  one space tug  pe r  yea r  for t h e  l o w  e a r t h  o r b i t  s t a t i o n  
s t a r t i n g  i n  1976;  one p e r  year  f o r  t h e  geosynchronous s t a t i o n  
s t a r t i n g  i n  1980 and 2 LM-B's p e r  yea r  f o r  l u n a r  o p e r a t i o n s  
s t a r t i n g  i n  1 9 7 9 .  The number of space t u g s  (LM-B's) t h a t  must 
be d e l i v e r e d  t o  l o w  e a r t h  o r b i t  i n  a g iven  yea r  i s  obta ined  
by simply adding t h e  above requirements.  The r e s u l t  i s  t h a t  
t h e  In t -21  payload l i m i t a t i o n  of 5 f u l l y  f u e l e d  LM-B's i s  sub- 
s t a n t i a l l y  exceeded i n  t h e  years  1 9 7 9 ,  1980, and 1981 p r i m a r i l y  
because of t h e  beginning of geosynchronous o p e r a t i o n s  i n  1980 
and t h e  o u t e r  p l a n e t  mission i n  each of t h o s e  y e a r s .  
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For t h i s  r eason  an a d d i t i o n a l  In t -21  launch devoted e x c l u s i v e l y  
t o  d e l i v e r y  of space t u g s  t o  e a r t h  o r b i t  i s  s p e c i f i e d  i n  t h o s e  
yea r s .  A f t e r  1981 t h e  schedule r e t u r n s  t o  one In t -21  launch 
p e r  yea r  b u t  wi th  a payload of 6 space tugs  us ing  a p p r o p r i a t e  
p r o p e l l a n t  o f f  loading ,  and assuming no s t a c k  h e i g h t  problems. 

3.3.2 Probe I n j e c t i o n  P r o p e l l a n t s  

Only one p l a n e t a r y  i n j e c t i o n  mission can be performed 
by t h e  f u l l y  fue l ed  i n j e c t i o n  space t u g s  d e l i v e r e d  t o  e a r t h  
o r b i t  by t h e  Int-21. The i n j e c t i o n  v e h i c l e s  must be r e f u e l e d  
by t h e  space s h u t t l e  a t  a ra te  of 2 f l i g h t s  p e r  probe i n j e c t i o n .  
This  r e s u l t s  i n  no more than  4 space s h u t t l e  tanking  f l i g h t s  i n  
any one year  f o r  t h i s  purpose. 

4 . 0  Lunar Explora t ion  Operations 

The l u n a r  exp lo ra t ion  t r a f f i c  model given i n  F igu re  3 
i s  p resen ted  i n  t h e  same format as  t h e  model f o r  e a r t h  o r b i t a l  
t r a f f i c  shown i n  F igure  2.  Lunar e x p l o r a t i o n  a c t i v i t i e s  from 
1 9 7 0  t o  1984 can be convenient ly  separated i n t o  two categories; 
Apollo and p o s t  Apollo ope ra t ions ,  t h e  former cont inuing  
through e a r l y  1975 and t h e  l a t t e r  i n i t i a t e d  i n  e a r l y  1 9 7 6 .  

4 . 1  Apollo 

Lunar e x p l o r a t i o n  a c t i v i t i e s  us ing  e x i s t i n g  Apollo 
hardware cont inues  a t  a r a t e  of t h r e e  missions p e r  year  through 
1970. S t a r t i n g  i n  1 9 7 1 ,  XCSM's and X L M ' s  ( X  f o r  extended) w i l l  
be launched on S a t  V B's t o  perform l u n a r  e x p l o r a t i o n  miss ions  
w i t h  3 day luna r  s u r f a c e  s t a y  t i m e s  and up t o  1 6  days of t o t a l  
miss ion  d u r a t i o n  a t  a r a t e  of 2 missions per  year  through 1 9 7 4 .  
These extended Apollo ope ra t ions  are terminated wi th  a f i n a l  
miss ion  i n  e a r l y  1975. Through e a r l y  1975 t h e  luna r  popula t ion  
i n c l u d i n g  both s u r f a c e  and o r b i t a l  ope ra t ions  never exceeds 
t h r e e  a s t r o n a u t s .  

4 . 2  Post  A ~ o l l o  

I n  t h e  p o s t  Apollo era t h e  mode of t r a n s p o r t i n g  
cargo and c r e w  from l o w  e a r t h  o r b i t  t o  t h e  moon i s  v i a  t h e  
nuc lea r  s h u t t l e .  Since t h e  s h u t t l e  i s  n o t  programmed t o  be 
o p e r a t i o n a l  u n t i l  e a r l y  1979 an i n t e r i m  t r a n s p o r t a t i o n  system, 
t h e  fou r  s t a g e  Sa t  VC launch v e h i c l e ,  i s  used f o r  l una r  
l og i s t i c s .  
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Pos t  Apollo a c t i v i t i e s  are i n i t i a t e d  i n  l a t e  1975 
wi th  an  unmanned l u n a r  f l i g h t  t e s t  mission of t h e  S a t  VC 
launch v e h i c l e  and LM/B veh ic l e .  Assuming t h e  tes t  mission 
q u a l i f i e s  bo th  v e h i c l e s  f o r  f l i g h t  o p e r a t i o n s  t h e  l u n a r  o r b i t a l  
space s t a t i o n ,  a p a r t i a l l y  fueled LM/B propuls ion  module and a 
LM/B c r e w  capsule  a r e  p laced  i n  a low a l t i t u d e  l u n a r  p o l a r  o r b i t  
i n  e a r l y  1 9 7 6 .  

4.2.1 I n t e r i m  S t a t i o n  Log i s t i c s  

Two months l a te r  t h e  s t a t i o n  i s  manned by a crew 
of f o u r  t r a n s p o r t e d  t o  t h e  s t a t i o n  i n  a QCSM on t h e  f i r s t  l u n a r  
crew r o t a t i o n / l o g i s t i c s  mission. This  f l i g h t  a l s o  c a r r i e s  a f u l l y  
f u e l e d  LM/B and cargo f o r  lunar  s u r f a c e  exp lo ra t ion .  Two LM/B's 
one f o r  backup and r e scue ,  and t h e  o t h e r  f o r  s u r f a c e  sor t ies ,  are 
mandatory t o  s t a r t  l u n a r  su r face  e x p l o r a t i o n .  This  ground r u l e  
w a s  imposed because of t h e  poss ib l e  need t o  rescue  marooned 
personnel  from t h e  s u r f a c e .  The p a r t i a l l y  fue l ed  LM/B d e l i v e r e d  
wi th  t h e  space s t a t i o n  r e m a i n s  a t  t h e  s t a t i o n  as 
a rescue v e h i c l e  w h i l e  t h e  f u l l y  fileled vehicle perfem-c t h e  
f i r s t  l una r  s u r f a c e  s o r t i e  mission i n  t h e  second q u a r t e r  of  1976.  
The unmanned l o g i s t i c s  mission i n  t h e  t h i r d  q u a r t e r  of 1 9 7 6 ,  pro- 
v i d e s  two f u l l  LM/B p rope l l an t  l oads  and cargo  f o r  s u r f a c e  ex- 
p l o r a t i o n .  The p r o p e l l a n t  i s  packaged i n  s t r i p p e d  down LM/B 
v e h i c l e s  ( i .e .  engines ,  i n t e l l i g e n c e  and landing  systems removed 
t o  create a LM/B Tanker) t h e  weight r educ t ion  pe rmi t t i ng  t h e  
i n c l u s i o n  of s u r f a c e  cargo w h i l e  remaining w i t h i n  t h e  S a t  VC 
l u n a r  o r b i t  payload c o n s t r a i n t  of 1 0 0 , 0 0 0  pounds. Two s o r t i e s  a r e  
performed i n  t h e  t h i r d  q u a r t e r  of 1 9 7 6 .  The manned c r e w  rota- 
t i o n / l o g i s t i c s  mission i n  t h e  f o u r t h  q u a r t e r  of 1 9 7 6  b r i n g s  a 
f r e s h  c r e w  i n  a QCSM t o  t h e  s t a t i o n  f o r  t h e  f i r s t  c r e w  r o t a t i o n ,  
a f u l l  LM/B t anke r  and cargo f o r  t h e  f i n a l  s u r f a c e  s o r t i e  of  
1 9 7 6 ,  r e s u l t i n g  i n  a t o t a l  of 4 s o r t i e s  f o r  t h e  year .  I n  t h e  
f i r s t  year  of  p o s t  Apollo opera t ions  a cont inuous luna r  popu- 
l a t i o n  of 4 i s  e s t a b l i s h e d  as opposed t o  an i n t e r m i t t e n t  popu- 
l a t i o n  of 3 dur ing  Apollo a c t i v i t i e s .  

The l u n a r  l o g i s t i c  mission r a t e  changes from one p e r  
q u a r t e r  i n  1 9 7 6  t o  one every fou r  months i n  1 9 7 7  s t a r t i n g  i n  
January wi th  an unmanned mission f o r  replacement of  t h e  i n i t i a l  
LM/B PM's which have reached t h e i r  assumed u s e f u l  l i f e t i m e  of 
about one year .  Unmanned log i s t i c s  miss ions  d e l i v e r i n g  LM/B 
t a n k e r s  and cargo o r  new LM/B PM's are cont inued on 8 month 
c e n t e r s  through March of  1978. Manned c r e w  r o t a t i o n / l o g i s t i c s  
miss ions  s t a r t  i n  Apr i l  of 1 9 7 7 ,  and are performed on e i g h t  month 
c e n t e r s  through August of  1978 .  The d e l i v e r e d  payload c o n s i s t s  of  
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t h e  QCSM, a LM/B t a n k e r ,  lunar  s u r f a c e  cargo ,  and on every 
o t h e r  f l i g h t  s t a r t i n g  w i t h  t h e  f i r s t ,  LM/B c r e w  capsule  
replacements.  This  mode of crew r o t a t i o n  and l o g i s t i c s  
provides  f o r  5 and 4 l una r  su r face  sor t ies  i n  1977 and 1978, 
r e s p e c t i v e l y .  The continuous l u n a r  popula t ion  l e v e l  of 4 
i s  maintained.  

4 . 2 . 2  S t a t i o n  L o q i s t i c s  

The nuc lear  s h u t t l e  becomes o p e r a t i o n a l  i n  e a r l y  
1 9 7 9  and i n  conjunct ion  wi th  t h e  space s h u t t l e  assumes t h e  
l u n a r  c r e w  r o t a t i o n  and l o g i s t i c s  burden. The f i r s t  nuc lea r  
s h u t t l e  l una r  l o g i s t i c s  mission i s  an unmanned f l i g h t  which 
t r a n s p o r t s  two LM/B PM replacements t o  t h e  moon and r e t u r n s  
t o  e a r t h  o r b i t  wi th  two empty LM/B t anke r s .  The t anke r s  
are obta ined  by s t r i p p i n g  down t h e  t w o  L M / B ' s  ( a t  t h e  luna r  
o r b i t a l  s t a t i o n )  t h a t  a r e  being rep laced .  This  kind of un- 
manned nuc lea r  s h u t t l e  l o g i s t i c s  mission i s  t h e  f i r s t  t o  be 
performed each yea r  and r e s u l t s  i n  t h e  supply of t w o  new 
LM/B PM's and t h e  creation of two new t anke r  modules on 
a r o t a t i n g  annual b a s i s .  
t o  e a r t h  o r b i t  as p a r t  of  t h e  payload of an In t -21  launch. 
Thus, t h e  h i s t o r y  of  a luna r  ope ra t ions  LM/B PM i s ;  t r a n s -  
p o r t a t i o n  t o  low e a r t h  o r b i t  aboard an Int-21;  t r a n s p o r t a t i o n  
t o  t h e  luna r  o r b i t a l  base  aboard t h e  nuc lear  s h u t t l e :  l una r  
s u r f a c e  e x p l o r a t i o n  ope ra t ions  f o r  one yea r ;  s t r i p  down and use  
as a l u n a r  l o g i s t i c s  p r o p e l l a n t  t anke r  f o r  one y e a r ;  and ex- 
pend by i n j e c t i n g  t h e  t anke r  i n t o  s o l a r  o r b i t  aboard a nuc lear  
s h u t t l e  which has  reached i t s  u s e f u l  l i f e  of one  year .  

o p e r a t i o n s  are c a r r i e d  t o  e a r t h  o r b i t  aboard t h e  space 
s h u t t l e  and t r a n s p o r t e d  t o  t h e  moon by t h e  nuc lea r  s h u t t l e .  
T h i s  i s  done annual ly ,  on t h e  second l o g i s t i c s  f l i g h t  of t h e  
yea r .  

The T?PV LX/E PM's are t r a n s p ~ r t e d  

Replacement crew capsules  f o r  l u n a r  e x p l o r a t i o n  

I n  gene ra l ,  p r o p e l l a n t  f o r  t w o  LM/B r e f u e l i n g s  are  
c a r r i e d  on each unmanned nuclear  s h u t t l e  mission and one 
r e f u e l i n g  on each manned f l i g h t .  A l l  a d d i t i o n a l  s h u t t l e  pay- 
load  c a p a b i l i t y  i s  a v a i l a b l e  f o r  l una r  e x p l o r a t i o n  and/or 
d i s c r e t i o n a r y  cargo. 
o p e r a t i o n s  t h r e e  luna r  l o g i s t i c s  missions are performed; t w o  
unmanned and one manned. Normally, t h i s  would provide  pro- 
p e l l a n t  f o r  5 l u n a r  s u r f a c e  sorties i n  1979.  S ince  t h e  s i x  
man v e r s i o n  of t h e  new capsule  i s  used t o  t r a n s p o r t  personnel  
on t h e  nuc lea r  s h u t t l e  t h e  s i n g l e  manned l o g i s t i c s  f l i g h t  i n  
1979 permi ts  t h e  l u n a r  o r b i t  s t a t i o n  c r e w  of 4 t o  be rep laced  
by a f r e s h  c r e w  of  6 .  A t o t a l  of  1 2  t anker  and 2 cargo  space 
s h u t t l e  f l i g h t s  are needed f o r  l o g i s t i c  suppor t  of t h e  t h r e e  
n u c l e a r  s h u t t l e  missions i n  1 9 7 9 .  

I n  t h e  f i r s t  year  of nuc lea r  s h u t t l e  

A s teady  s ta te  l e v e l  of 4 manned and 2 unmanned 
l u n a r  l og i s t i c s / c rew ro t a t ion  missions commence i n  1980.  
Th i s  provides  cargo and p r o p e l l a n t  f o r  8 s u r f a c e  s o r t i e s  
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p e r  y e a r  and an expansion of t h e  cont inuous luna r  popu la t ion  
from 6 t o  12 some of which w i l l  reside i n  t h e  l u n a r  s u r f a c e  
base. The given ra te  of 6 space s h u t t l e  t anke r  f l i g h t s  p e r  
n u c l e a r  s h u t t l e  m i s s i o n  e s t a b l i s h e s  a requirement f o r  36 space 
s h u t t l e  f l i g h t s  per  year  f o r  nuc lear  s h u t t l e  r e f u e l i n g  and 
payload assembly. Each LM/B t anke r  c a p a c i t y  r e q u i r e s  a s i n g l e  
space s h u t t l e  f l i g h t  y i e l d i n g  a t o t a l  annual  requirement  of 6 
f l i g h t s  whi le  l u n a r  cargo  needs are sa t i s f ied  by 5 space 
s h u t t l e  f l i g h t s  per  year .  

5 .0  Manned P lane ta ry  Operations 

A f e a s i b l e  manned p l ane ta ry  t r a f f i c  model i s  g iven  
i n  F igu re  4 presented  i n  t h e  same kind of format  a s  t h e  models 
f o r  e a r t h  o r b i t a l  and l u n a r  e x p l o r a t i o n  ac t iv i t ies .  The 
model is  based on an inc reas ing  manned Mart ian e x p l o r a t i o n  
c a p a b i l i t y  us ing  only conjunct ion class miss ions .  Missions 
and vehicle data  are taken from r e f e r e n c e  3 .  Because of f u t u r e  
funding u n c e r t a i n t i e s  t h e  model i s  n o t  s p e c i f i e d  according t o  
c a l e n d a r  y e a r  b u t  i s  presented as a f u n c t i o n  of y e a r s  from t h e  
beginning of ope ra t ions .  

There are t h r e e  overlapping miss ions  i n d i c a t e d ,  
each success ive  m i s s i o n  employing more ambit ious e x p l o r a t i o n  
ac t iv i t i e s .  Assuming t h e  i n i t i a l  unmanned probes on t h e  f i r s t  
miss ion  f i n d  no s i g n i f i c a n t  b i o l o g i c a l  hazard ,  manned landings  
w i l l  be performed on each of t h e  three f l i g h t s .  These landing  
o p e r a t i o n s  should culminate  i n  t h e  e s t ab l i shmen t  of a manned 
Mars s u r f a c e  base  on t h e  t h i r d  mission.  Subsequent f l i g h t s  
t o  Mars would be f o r  base expansion, resupply  and c r e w  r o t a t i o n .  
To avoid an i n o r d i n a t e l y  l a rge  number of space s h u t t l e  and 
In t -21  f l i g h t s  i n  any one yea r ,  an e f f o r t  has  been made t o  
spread t h e  assembly and funding of  each p l a n e t a r y  space vehicle 
over  a pe r iod  of s e v e r a l  years p r i o r  t o  i t s  i n j e c t i o n .  

5 .1  F i r s t  Mars Mission 

On-orbit assembly ope ra t ions  of t h e  two p l a n e t a r y  
s p a c e c r a f t  f o r  t h e  f i r s t  Mars miss ion  begin  approximately 1 .5  
y e a r s  be fo re  t r a n s  Mars i n j e c t i o n .  The fou r  nuc lear  s h u t t l e s  
t o  be used f o r  t r a n s  Mars i n j e c t i o n  are t r anspor t ed  t o  o r b i t  
aboard In t -21  launch veh ic l e s .  One space  s h u t t l e  f l i g h t  p e r  
n u c l e a r  s h u t t l e  i s  needed t o  r e p l a c e  t h e  o f f  loaded hydrogen 
r e s u l t i n g  i n  a t o t a l  of 4 space s h u t t l e  t anke r  f l i g h t s  for t h e  
yea r .  

T h e  fol lowing y e a r  t h e  t w o  nuc lear  s h u t t l e s  pro- 
grammed t o  make t h e  round t r i p  t o  Mars and back a r e  launched 
i n t o  e a r t h  o r b i t  aboard In t -21 ' s .  S h u t t l e  p r o p e l l a n t  i s  
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o f f  loaded t o  allow inc lus ion  of  a Mars excurs ion  module i n  
both  of t h e  In t -21  payloads. Three space s h u t t l e  f l i g h t s  
per  nuc lea r  s h u t t l e  are needed t o  f i l l  i t s  hydrogen tank  t o  
c a p a c i t y  e s t a b l i s h i n g  a requirement f o r  6 space s h u t t l e  t anke r  
f l i g h t s  i n  t h a t  yea r .  The remainder of t h e  t w o  p l a n e t a r y  
v e h i c l e s  i nc lud ing  c r e w  l i v i n g  q u a r t e r s ,  r e t r i e v a l  f a c i l i t y ,  
expendables module and unmanned sample r e t u r n  probes are 
p laced  i n  e a r t h  o r b i t  by t w o  In t -21  launches.  

S ince  o r b i t a l  assembly ope ra t ions  i n  c o n s t r u c t i n g  t h e  
t w o  p l a n e t a r y  v e h i c l e s  are a n t i c i p a t e d  t o  be q u i t e  e x t e n s i v e  a 
generous allowance of 6 space s h u t t l e  f l i g h t s  f o r  space t u g  
r e f u e l i n g  has been provided. One space  s h u t t l e  f l i g h t  has  been 
allocated f o r  t r a n s p o r t a t i o n  of t h e  c r e w  and t h e i r  equipment t o  
t h e  assembled p l a n e t a r y  space v e h i c l e  y i e l d i n g  a t o t a l  of 13 space 
s h u t t l e  f l i g h t s  r equ i r ed  f o r  t h e  second year  of manned p l a n e t a r y  
ope ra t ions .  

5.2 Second Mars Mission 

Af te r  t h e  i n j e c t i o n  nuc lea r  shuttles perform t h e i r  
f u n c t i o n  (See Sec t ion  2 . 1 1  f o r  p l a n e t a r y  mission mode desc r ip -  
t i o n )  they r e t u r n  t o  e a r t h  o r b i t  and, i f  desired, can be used 
f o r  c i s l u n a r  l o g i s t i c s  ope ra t ions  u n t i l  they are needed aga in  
f o r  t h e  second Mars mission.  The i r  r e u s e  on t h e  second 
p l a n e t a r y  i n j e c t i o n  assumes they have been used f o r  no more 
than  2 o r  3 c i s l u n a r  l o g i s t i c s  miss ions .  

I n  t h e  t h i r d  y e a r  t w o  of t h e  i n j e c t i o n  s h u t t l e s  are 
r e f u e l e d  each r e q u i r i n g  5 space s h u t t l e  f l i g h t s  f o r  a t o t a l  
of 1 0  f l i g h t s  f o r  t h i s  purpose. S ince  t h e  t w o  nuc lear  s h u t t l e s  
have no t  y e t  r e tu rned  from t h e  f i r s t  miss ion  t h e  f i r s t  of t w o  
new s h u t t l e s  f o r  t h e  second mission is launched on an In t -21  
i n  t h i s  year .  A s  be fo re  hydrogen i s  o f f  loaded t o  permi t  a 
m a r s  excurs ion  module t o  be included i n  t h e  payload. Three 
space  s h u t t l e  t anke r  f l i g h t s  a r e  needed t o  r e p l a c e  t h e  o f f  
loaded hydrogen e s t a b l i s h i n g  a t o t a l  requirement of 13  space  
s h u t t l e  f l i g h t s  f o r  t h e  t h i r d  yea r  of manned p l a n e t a r y  ope ra t ions .  

I n  t h e  f o u r t h  yea r  p r e p a r a t i o n s  f o r  t h e  second Mars 
miss ion  cont inue .  The remaining 2 i n j e c t i o n  nuc lear  s h u t t l e s  
are r e f u e l e d  r e q u i r i n g  10 space s h u t t l e  tanker  f l i g h t s .  The e 

second o f f  loaded nuc lear  s h u t t l e  and mars excursion module are 
launched i n t o  o r b i t  on an Int-21. This  e s t a b l i s h e s  a need f o r  
3 space s h u t t l e  tanker  f l i g h t s  t o  r e p l e n i s h  t h e  o f f  loaded 
hydrogen. Two In t -21  launches each p l ace  l i v i n g  q u a r t e r s ,  an 
expendables module and another  m a r s  excurs ion  module i n  e a r t h  
o r b i t .  A s  be fo re  6 space s h u t t l e  t anke r  f l i g h t s  are allocated 
fo r  space  tug  r e f u e l i n g  and one f o r  personnel  and c r e w  equip- 
ment t r a n s p o r t a t i o n .  Therefore ,  t h e  t o t a l  number of space 
s h u t t l e  f l i g h t s  i n  t h e  f o u r t h  yea r  of ope ra t ions  i n  20. 
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5.3 Third Mars Mission 

Toward t h e  end of t h e  f i f t h  yea r  t h e  p l a n e t a r y  
v e h i c l e s  f r o m  t h e  f i r s t  d u a l  Mars miss ion ,  c o n s i s t i n g  of 
t w o  nuc lea r  s h u t t l e s  each with c r e w  l i v i n g  q u a r t e r s  a t t a c h e d ,  
r e t u r n s  t o  e a r t h .  These nuclear  s h u t t l e s  are used aga in  for  
another  round t r i p  on t h e  t h i r d  Mars mission.  

During t h e  f i f t h  year  it i s  assumed t h a t  one of t h e  
t w o  r e t u r n e d  s h u t t l e s  i s  r e fue led  i n  p r e p a r a t i o n  f o r  t h e  
t h i r d  Mars miss ion  e s t a b l i s h i n g  a need f o r  5 space s h u t t l e  
t anke r  f l i g h t s .  One of t h e  i n j e c t i o n  s h u t t l e s  i s  a lso re- 
f u e l e d  r e s u l t i n g  i n  a t o t a l  of 1 0  t anke r  f l i g h t s  f o r  t h e  yea r .  

P repa ra t ions  f o r  t h e  t h i r d  Mars mission con t inue  
i n  t h e  s i x t h  year .  The t h r e e  remaining i n j e c t i o n  s h u t t l e s  and 
t h e  s i n g l e  remaining p l ane ta ry  s h u t t l e  are r e fue led  r e s u l t i n g  
i n  a t o t a l  of 20 space s h u t t l e  t anke r  f l i g h t s .  Two In t -21 ' s  
are launched, each con ta in ing  a Mars excurs ion  module and 
e i ther  a Mars s u r f a c e  base of a Mars s u r f a c e  base  suppor t  
system. A second p a i r  of I n t - 2 1 ' s  are launched the paylead 
of each c o n s i s t i n g  of a Mars excurs ion  module, and an expendables 
module. The o r b i t a l  assembly space  t u g  requirement f o r  re- 
f u e l i n g  i s  assumed t o  be 4 space s h u t t l e  f l i g h t s  f o r  t h e  yea r .  

I n  t h e  nex t  and f i n a l  yea r  t w o  a d d i t i o n a l  space t u g  
r e f u e l i n g  s h u t t l e  f l i g h t s  and one c r e w / c r e w  equipment f l i g h t  
are a l l o c a t e d  f o r  f i n a l  p repa ra t ions  p r i o r  t o  i n j e c t i o n  f o r  t h e  
t h i r d  Mars mission.  I t  i s  a n t i c i p a t e d  t h a t  a f t e r  t h e  t h i r d  
mission (assuming a Mars su r face  base i s  e s t a b l i s h e d )  Mars lo -  
g i s t i c s / c r e w  r o t a t i o n  missions of t h e  conjunct ion  c l a s s  w i l l  be 
performed on approximately two y e a r  c e n t e r s .  

5.4 Fuel  Depot Cons idera t ions  

I n  t h e  p r e s e n t  t r a f f i c  model p r o p e l l a n t  f o r  each of 
t h e  t h r e e  missions i s  de l ive red  t o  one or  more of t h e  nuc lea r  
s h u t t l e s  as much as 1.5 y e a r s  p r i o r  t o  t h e  t i m e  a t  which t r a n s  
Mars i n j e c t i o n  i s  executed. Therefore ,  t h e  nuc lear  s h u t t l e s  
are, i n  effect ,  p r o p e l l a n t  s to rage  f a c i l i t i e s  as w e l l  as 
p l a n e t a r y  mission propuls ion  modules. E s s e n t i a l l y ,  t h i s  mode 
ach ieves  t h e  advantage of a s e p a r a t e  f u e l  depot  wi thout  
a c t u a l l y  cons t ruc t ing  one, i e ,  t h e  r e q u i r e d  space s h u t t l e  t a n k e r  
f l i g h t s  are spread over a reasonable  pe r iod  of t i m e .  However, 
it has  t h e  disadvantage of  making p l a n e t a r y  s p a c e c r a f t  assembly 
o p e r a t i o n s  more expensive p ropu l s ive ly ,  i n  t h a t ,  t h e  nuc lea r  
s h u t t l e s  are cons iderably  heavier  when they are f u l l y  loaded 
w i t h  p r o p e l l a n t  than when empty. I d e a l l y ,  t h e  p l a n e t a r y  
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v e h i c l e  should be completely assembled f i r s t  and then  t h e  
nuc lear  s h u t t l e  tanks  f i l l e d  with p r o p e l l a n t  s h o r t l y  be fo re  
i n j e c t i o n .  T h i s  can on ly  be accomplished wi thout  s a c r i f i c i n g  
a reasonable  t i m e  d i s t r i b u t i o n  f o r  t h e  r equ i r ed  space s h u t t l e  
tanker  f l i g h t s ,  i f  a s e p a r a t e  o r b i t a l  f u e l  depot  i s  a v a i l a b l e .  

T h e  c a p a c i t y  of a depot conse rva t ive ly  s i z e d  t o  
store enough l i q u i d  hydrogen for  a Mars mission would be 
about 1.5 m i l l i o n  pounds r equ i r ing  30 space s h u t t l e  t a n k e r  
f l i g h t s  t o  fill it. 
each of t h e  Mars i n j e c t i o n s  and s i n c e  each of t h e  miss ions  
approximately d e p l e t e s  t h e  f u e l  depot  a requirement  f o r  about  
15 space s h u t t l e  tanker  f l i g h t s  p e r  y e a r  i s  e s t a b l i s h e d .  The 
In t -21  launches needed t o  t r a n s p o r t  a f u e l  depot  t o  o r b i t  
are no t  covered i n  t h e  t r a f f i c  model. 

S ince  t h e r e  is  about  2 y e a r s  s e p a r a t i n g  

6 . 0  Conclusions 

Table 2 summarizes by ca l enda r  yea r  from 1975 through 
1984 t h e  space s h u t t l e  and S a t  V t r a f f i c  d e p a r t i n g  from t h e  
e a r t h ' s  s u r f a c e  i n  suppor t  of cislunar o p e r a t i ~ x s .  Bas ica l ly ,  
this r e p r e s e n t s  t h e  cargo  and p r o p e l l a n t  i n p u t  t o  t h e  emerging 
i n t e g r a t e d  manned space f l i g h t  network which reaches  an oper- 
a t i o n a l  s teady  s t a t e  i n  1982. The annual  s t eady  s ta te  t r a f f i c  
c o n s i s t s  of between 9 0  and 95 space s h u t t l e  f l i g h t s  and 2 In t -21  
launches.  
SA&T a c t i v i t i e s  a s s o c i a t e d  w i t h  t h e  v a r i o u s  s t a t i o n s  located 
throughout c i s l u n a r  space inc luding  t h e  u s e  of t h e  e a r t h  o r b i t  
s t a t i o n  as a launch c o n t r o l  cen te r  f o r  unmanned p l a n e t a r y  probe 
i n j e c t i o n s .  

The s t eady  s ta te  output  of t h e  network c o n s i s t s  of t h e  

Incremental  e a r t h  su r face  d e p a r t u r e  t r a f f i c  t o  
suppor t  manned p l a n e t a r y  opera t ions  i s  summarized i n  Table 3 .  
Without an  o r b i t a l  f u e l  depot ,  and excluding t h e  f irst  y e a r  
of o p e r a t i o n s  t h e  number of annual space s h u t t l e  f l i g h t s  varies 
from a minimum of 1 0  t o  a maximum of  24 .  With a f u e l  depot  
t h e  number of annual s h u t t l e  f l i g h t s  a l t e r n a t e s  between a 
minimum of 15 and a maximum of 22. 
launches never exceeds fou r .  An overal l  t r a f f i c  summary can 
be obta ined  by d i r e c t l y  adding t h e  summaries i n  Tables  2 and 3 
recogniz ing  t h a t  t h e  f i rs t  p lane ta ry  i n j e c t i o n  must co inc ide  
w i t h  a conjunct ion  class mission oppor tuni ty .  

The number of annual In t -21  
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